Polygonatum cirrhifolium Royle (Meda), a herb belonging to the Liliaceae family, is known for its medicinal, cultural and ethno-botanical uses. However, due to its great market potential, it is harvested and grown in an uncontrolled way; overexploitation has caused the decline of the herb from its natural habitat. Since finding new organic treatments can help conserve the plant, a 2-year field experiment was undertaken to study the effect of different organic fertilizers and the nature of nursery beds on the survival, morphological growth and yield of this plant. The observations were recorded in 15-day intervals. The results show that yield was lower in control beds when compared with forest litter, farmyard manure and vermicompost in all type of beds prepared in rows, furrows and plain. The yield was highest at beds located at plantation with furrows which were supplemented with forest litter. Thus, it can be concluded that the cultivation of P. cirrhifolium is optimal in beds with rows and furrows (plantation in furrows) and supplemented with forest litter. In addition, composted organic material also improves both soil quality and fertility and regulates water. To the best of our knowledge, this is the first study on ex situ conservation of P. cirrhifolium from Kumaun Himalaya.
Introduction
Composted organic material is being applied on agricultural fields as an amendment to provide nutrients and also to enhance the organic matter content and improve the physical and chemical properties of the cultivated soils. Composted organic material contains essential nutrients for plant growth, especially nitrogen and phosphorus (Beltran et al. 2002) . Application of composted material as a fertilizer not only provides essential nutrients to plants, but also improves soil quality and effectively disposes of wastes.
Intensive cultivation, which leads to depletion of soil nutrients, can be a major constraint on crop production. To overcome the problem of rapid decline in soil fertility, organic materials such as manure, compost and animal dung that contain nutrients are applied to the soil to improve and maintain crop yield. vanCotthem (2007) defined fertilizer as any organic or inorganic material of natural or synthetic origin which is added to soil to augment the level of or supply certain elements essential for plant growth. Any amendment to the soil to enhance soil fertility is therefore a fertilizer. Organic fertilizer is derived from materials that are essentially carbon-based. These materials of organic fertilizers can be either plant or animal and contain organic matter that is beneficial to plants and the soil. Organic matter in organic fertilizers helps to improve the water-holding capacity of soil and also augments its structure, thus increasing its nutrientholding capacity as well. Another benefit of organic matter in organic fertilizers is that it encourages microbial activity which plays a crucial part in the breakdown of nutrients so that plants can use them (Nester et al. 1998 ). There *Corresponding author. Email: l_tewari@rediffmail.com is less danger of over-fertilization by adding decomposed organic material to gardens or croplands. According to Paul and Clark (1996) , it provides a slow release of nutrients as microorganisms in the soil break down the organic material into an inorganic and water-soluble form which the plants can use.
Unbalanced and prolonged use of inorganic fertilizers such as ammonium sulphate causes decline in soil fertility because they significantly reduce soil pH which in turn reduces crop productivity. Excessive use of inorganic fertilizers has also created a number of environmental problems with the most serious one being the contributions of phosphate and nitrogen compounds in water and the atmosphere. For instance, nitrate and phosphorus eutrophication has been linked to unbalanced use of inorganic fertilizers. It is also reported that between 1% and 60% nitrogen of nutrient-based fertilizers such as urea is lost through ammonia volatilization (Prasertsak et al. 2001; Cai et al. 2002) . The use of inorganic fertilizers in the cultivation of medicinal plants may affect the export of raw material because it may contain the residues of harmful chemicals (Department of Agriculture and Uttaranchal Organic Commodity Board 2004) . Organic substances such as humic substances are made up of humin, humic and fulvic acids (Tan 2003) . These organic compounds have the capability of increasing N, P, K, Ca, Mg and Na availability in soils by producing soil organic carbon (Tan 2003) .
With all the above advantages of organic fertilizers in mind, this study is based on the effect of different organic treatments on ex situ conservation of Polygonatum cirrhifolium Royle. This herb belongs to family Liliaceae and is also known as Meda Eng. Solomon's seal. It occurs in the temperate Himalaya zone at an altitude ranging between 2000 and 3000 m (CCRAS 2008) . It is a tall, erect, but not very sturdy herb with stout-creeping rhizomes, and stems range in height between 60 and 120 cm. Its leaves occur in whorls of 3-6 and its white flowers occur in short-stalked clusters of 2-4 (Figure 1 ). This Polygonatum has flowers and fruits from June to August. It grows well in moist shady localities of montane forests. Leaves of the plant are eaten as vegetable; roots infused with milk are used as an aphrodisiac and blood purifier; and root pastes are applied on cuts and wounds (Gaur 1999 ). This herb is used against many diseases and has also been used as a tonic. Due to the great market potential of this plant, it is harvested in uncontrolled and opportunistic way, which has caused the decline of the herb from its natural habitat. P. cirrhifolium has become rare due to its overexploitation and no conservation (Nautiyal MC and Nautiyal BP 2004) . Thus, there is a need for its in situ as well as ex situ conservation and propagation. Hence, this study was conducted under different types of organic fertilizers and nursery beds to develop different treatments and techniques which are needed for the sustainable utilization of this plant. 
Material and methods
The trials for this study were conducted at Medicinal Plant Garden of CCRAS, Ranikhet (29 • 38 60 N, 79 • 25 0 E). The garden is situated at an altitude of 1700 m. It is surrounded by thick pine forest, characterized by deodar, Myrica, Rhododendron, Quercus and shrubs like Berberis, Rubus sp. and Crataegus sp. Germplasm of P. cirrhifolium was collected from the wild sources just before the onset of its dormancy.
We prepared the land and applied the fertilizer as follows. The land was dug up or ploughed twice or thrice until a fine tilth was obtained, after those different types of experimental beds, namely, plain beds and beds with rows and furrows of 1 m 2 area, were prepared. Before plantation these nursery beds were supplemented with different types of organic fertilizers. Three types of organic fertilizers, namely, farmyard manure (FYM), forest litter and vermicompost, were used to see the effect on the survival, growth and yield. The fertilizers were added to the beds in two doses: the first before plantation (at the time of bed preparation) and the second after sprouting. In order to study the effect of fertilizers and nature of nursery beds on survival, growth, yield and other related parameters, the experiment was designed in randomize block design with a total of 12 treatment combinations along with a control set and each treatment was replicated thrice.
Plants can be raised from rhizomes as well as from seeds; however, plants raised from seeds can take more time for crop maturity. Hence, rhizomes are the best for the propagation (Nautiyal MC and Nautiyal BP 2004; NMPB 2008) . Therefore, we used rhizome sections for the propagation. The rhizome sections were planted in the nursery beds on 25 January 2008. Before plantation rhizomes were washed with natural spring water of Medicinal Plant Garden and dipped in cow's urine overnight to prevent them from soil-borne diseases as suggested in 'Varkshayurveda' by Vijayalashmi and Shyam Sundar (1993) . Rhizome sections were cut into transverse sections of about 0.5-0.8 inches long at the intermodal portion with at least two nodes within each section and each rhizome section was planted laterally in different types of nursery beds. A total of 324 rhizome sections were selected for plantation and a total of 9 rhizome sections were planted in each bed. A row-to-row spacing of 30 cm and a plant-to-plant distance of 30 cm were followed for sowing the rhizomes. In all the treatments, irrigation was done at regular intervals using natural spring water (heavy metal-free), depending on weather condition and moisture requirements of soil. The crop was irrigated once a week during the dry months. During the dormancy period, irrigation was done every 20 days. The beds were kept free of weeds manually.
Data were recorded on both pre-harvest and postharvest agronomic characteristics, namely, days to sprout, days to flower, number of whorls, plant height, fresh weight of rhizomes, dry weight of rhizomes and rate of fresh weight of rhizomes increased. The observations were recorded in 15-day intervals. Statistical analysis was carried out to calculate the mean values and correlation between different morphological traits. Correlation was calculated by using Karl Pearson's method (Kothari 2005) .
To observe the yield, underground parts (rhizomes) from one replication of each treatment were uprooted at the end of each growing season for two consecutive growth seasons. These rhizomes were properly washed with running water to remove soil particles. Fresh weight was taken after removing rootlets. These rhizomes were then cut into small slices and kept in partial shade for drying. After complete drying, dry weight of these rhizomes was taken.
Results
The data recorded on both pre-harvest and post-harvest agronomic characteristics for first and second years of cultivation are presented in Tables 1 and 2 , respectively. The effect of different organic fertilizers and types of nursery beds on survival, morphological growth and yield of P. cirrhifolium was statistically analysed to calculate the mean values of pre-harvest and post-harvest agronomic characteristics (Tables 1 and 2 ) during 2 years of experimental cultivation. Data analysed for mean values showed that in the first year of cultivation the plant took about 95-107 days to sprout and 112-120 days to flower from the date of plantation. Earliest sprouting was observed in beds T 2 (row + litter) and T 3 (furrow + litter) within 95 days and latest in the bed T 11 (row + control) within 107 days. Hundred per cent survival was observed in all types of treatments. Average height per plant (47.07 cm), fresh weight (22.80 kg/ha) and dry weight (5.98 kg/ha) of cultivated rhizomes were recorded maximum in the bed T 3 (furrow + litter) while minimum (30.10 cm, 11.10 kg/ha and 2.96 kg/ha, respectively) in the bed T 11 (row + control).
In the second year of cultivation this plant took about 92-102 days to sprout and 102-116 days to flower from the date of dormancy. Earliest sprouting and flowering were observed in the bed T 6 (furrow + vermicompost) within 92 days and 102 days, respectively. The percentage of survival was observed 100% in all types of treatments. Average height (52.10 cm), number of whorls (11.88) per plant, fresh (52.90 qt/ha) and dry weight (13.87 qt/ha) of cultivated rhizomes were recorded maximum in the bed T 3 (furrow + litter). Percentage of fresh weight of rhizomes increased was also observed maximum in the bed T 3 (furrow + litter) (545.12%) and minimum in the bed T 11 (row + control) (200.00%) but fresh weight of rhizomes cultivated (23.10 qt/ha) and dry weight obtained (6.16 qt/ha) were observed minimum in the bed T 8 (row + FYM).
Correlation between different parameters, namely, average height per plant, average number of whorls per plant, fresh weight of rhizomes planted, fresh weight of rhizomes cultivated, fresh weight of rhizomes increased (%) and dry weight of rhizomes obtained, for first and second years of cultivation is presented in Tables 3 and 4, respectively. The effect of different treatments on fresh weight of rhizomes (%) for the first and second years of experimental cultivation is shown in Figure 2A and 2B, respectively. The first year of experimental cultivation showed that average height with different parameters, namely, average number of whorls per plant, fresh weight of rhizomes planted, fresh weight of rhizomes cultivated, fresh weight of rhizomes increased (%) and dry weight of rhizomes obtained (r = 0.96, 0.68, 0.97, 0.91 and 0.97, respectively, at p ≤ 0.01). Similarly, average number of whorls per plant was positively correlated with fresh weight of rhizomes planted, fresh weight of rhizomes cultivated, fresh weight of rhizomes increased (%) and dry weight of rhizomes obtained (r = 0.71, 0.98, 0.89 and 0.97, respectively, at p ≤ 0.01). Fresh weight of rhizomes planted was positively correlated with fresh weight of rhizomes cultivated and dry weight of rhizomes obtained (r = 0.76 and 0.77, respectively, at p ≤ 0.01). Fresh weight of rhizomes cultivated was positively correlated with fresh weight of rhizomes increased (%) and dry weight of rhizomes obtained (r = 0.90 and 1.00, respectively, at p ≤ 0.01) and fresh weight of rhizomes increased (%) was positively correlated with dry weight of rhizomes obtained (r = 0.89 at p ≤ 0.01).
The second year of experimental cultivation showed positive correlation of average height with different parameters, namely, average number of whorls per plant, fresh weight of rhizomes cultivated, fresh weight of rhizomes increased (%) and dry weight of rhizomes obtained (r = 0.99, 0.93, 0.97, 0.93, respectively, at p ≤ 0.01). Similarly, average number of whorls per plant was positively correlated with fresh weight of rhizomes cultivated, fresh weight of rhizomes increased (%) and dry weight of rhizomes obtained (r = 0.92, 0.97 and 0.91, respectively, at p ≤ 0.01). Fresh weight of rhizomes cultivated was positively correlated with fresh weight of rhizomes increased (%) and dry weight of rhizomes obtained (r = 0.95 and 1.00, respectively, at p ≤ 0.01) and fresh weight of rhizomes increased (%) was positively correlated with dry weight of rhizomes obtained (r = 0.95 at p ≤ 0.01).
Discussion
The yield of P. cirrhifolium was found to be lower in controlled beds when compared with litter, FYM and vermicompost in all types of beds prepared in rows, furrows and plain. Under control condition, minerals are not enough for proper growth and development of plants. Chauhan and Bhatt (2000) concluded that the addition of 5-10 tons/ha of FYM has resulted in resolving nutritional problems of various hill crops and deteriorating physical condition of soil. Chauhan and Nautiyal (2005) found that the economic yield increased with the addition of manure (FYM) in all treatments compared with the control. In our study, plants grown under different treatments showed much higher economic yield when compared with control beds. However, yield was higher at T 3 (furrow + forest litter) when compared with other beds; this difference may be due to low level of mineral nutrient in the soil. Application of FYM and forest litter in cultivated field is a traditional practice in Kumaun Himalaya for better yield and production. Several studies (Patidar and Mali 2001; Saharan et al. 2001; Kasera and Sharan 2002 ) also found increase in biomass production with the use of FYM in different crops, while in our study the highest increase in biomass is obtained with the use of forest litter. Higher economic yield in manure as well as litter beds could become possible only due to the availability of essential mineral nutrients, which were needed for growth and development. Addition of manure, forest litter and vermicompost increased moisture content of soil and retained it for quite some time. It also improved physical, chemical and microbial properties of soil and thereby its productivity. Increased soil fertility enhanced vegetative growth of plants and additional food got stored in underground rhizomes, which improved the economic yield of plants. Similar observations made earlier, including Ramamurthy et al. (1998) , Phirke (2001) and Sharma (2002) , also supported the addition of biofertilizer for improvement of soil quality. Spacing treatment generally does not have any significant effect on the economic yield. Generally, spacing showed effect on biomass when population density increased per unit area and plants compete for space, moisture, mineral nutrient or sunlight. But during a short period of 2 years, spacing could not show significant difference in the economic yield production due to low density during the 2-year growth; therefore, we used the same spacing during the two growth seasons. However, spacing will certainly affect the economic yield in latter stages of development due to increases in above-ground and below-ground surface areas per plant per unit area. Such a study will require long time for fruitful result due to long maturation time. Maturity stage is 7-8 years for high altitude species and maximum gain can be obtained by fully matured plants (Rai et al. 2000; Nautiyal et al. 2002) . Several studies have shown that the application of organic fertilizers also reduces the incidence of soil-borne diseases and pathogens (Faqir et al. 1995; Vanlauwe et al. 1996; Sarathchandra et al. 2001; Graham and Haynes 2005) . Table 1 .
Conclusion
Intensive use of chemicals fertilizers, which leads to depletion of soil nutrients, is a major constraint on food production. To overcome the problem of rapid decline in soil fertility, organic materials such as manure, compost and litter that contain nutrients are applied to the soil to improve and maintain crop yield. The use of organic fertilizers can increase soil fertility and enhance vegetative growth of plant without leaving any harmful residue in the soil as well as in harvested rhizomes which improves quality and yield. This study concluded that the use of organic fertilizers can increase soil fertility and enhance the vegetative growth of plant without leaving any harmful residue in the soil as well as in harvested rhizomes which improves the yield of plant. This study also shows that the beds with plantation in furrows and supplemented with forest litter show the best morphological growth and maximum yield in comparison with other treatments. Thus, the cultivation of P. cirrhifolium could be done in beds with rows and furrows (plantation in furrows) and supplemented with forest litter to obtain maximum yield.
